The effect of preoperative oral fluid and ranitidine on gastric fluid volume and pH (10.0 • 8.8, 9.7 ~-10.5 ml) compared with the two placebo groups (20.6 +-14.1, 29.9 +-18.9 
During the first 80 years of anaesthesia patients were encouraged to take oral fluids until three hours before elective surgery, t-4 The fluid was specified as glucosewafer, beef tea, or china tea. Solid food was withheld for a longer period. Such guidelines are consistent with our knowledge of gastric phyziology. Water and isotonic fluids, which do not require digestion, pass through the stomach very rapidly with half of a 750mi bolus being emptied in approximately 20 minutes. 7 On the other hand, the rate of gastric emptying for solid food varies considerably; the gastric emptying half-time ranges up to nearly five hours and the complete emptying time up to twelve hours. 5, 6 The current recommendations for preoperative fasting do not take this difference in emptying tames into account. A four-or six-hour fast s-~~ for liquids as well as solids, or, simply, nothing by mouth after midnight II is now established practice. In elective patients, who do not receive narcotic premedication, there appears to be no scientific basis for this extended period of fluid deprivation. In countries with ambient temperature 30~ or greater, patients have been safely allowed io drink water freely until two hours before surgery. 12 Prolonged fasting does not ensure an empty stomach. One-third of patients who fast for seven to 22 hours may still have a residual gastric volume (RGV) of 25 ml or more with a pH 2.5 or less. 13 Conversely, a breakfast of tea and toast taken between two and four hours preoperatively does not increase the residual gastric volume. 14 In this study we addressed three issues. First, is an overnight fluid fast, sometimes extending into the following afternoon, justified in elective surgical patients? Second, if a patient has disobeyed an "NPO after midnight" order, for how long should surgery be delayed? Third, is there a simple regimen which allows the comfort of drinking fluid on the day of surgery, and which also produces a lower RGV and higher pH?
Methods
The study protocol was approved by the University of Calgary Conjoint Ethics Committee and all patients gave informed consent, One hundred patients, ASA physical Patients were randomly assigned to one of four groups. Within 120 to 180 minutes preoperatively, every patient was given bromosulphth',dein (BSP) 50 mg in 10 ml water with either a placebo tablet or oral ranitidine 150 mg. This was followed by either 150ml water or no further fluid (Table I ). There were 15 females and ten males in each group.
General anaesthesia was induced in all patients using intravenous thiopentone, followed by a neuromuscular blocking agent and tracheal intubation when this was indicated. Nitrous oxide and oxygen, supplemented with fentanyl and a volatile agent, were used for maintenance. Within ten minutes of induction an oeogzstric Salempump tube (FG 14 or 18) was passed and its position in the stomach confirmed by auscultation of injected air. The investigator taking the sample was unaware of the group to which the patient had been assigned. Gastric fluid was obtained with the patient in the supine and left lateral positions. The volume was recorded, pH was measured using a calibrated Radiometer PHM 82 pH meter, and BSP concentration using a Beckman spectrophotometer. The percentage of BSP which remained in the stomach was calculated by multiplying its measured coneentration by the RGV and expressing this as a percentage of the original 50 mg. From this the degree of gastric emptying of the ingested fluid was obtained.
Results
The four groups were comparable with respect to age, weight, fasting interval, and the ingestion-surgery interval (Table 11 ). There was no difference in the incidence of smoking, heartburn, and dyspepsia among the groups.
The volume and pH of gastric fluid, and the percentage of BSP recovered, are shown in Table IH . Patients who received 150 ml water with placebo (Group I) had a significantly lower RGV compared with those who received only BSP (Group III) although 28 per cent still had a residual volume of 25ml or greater. There was no statistically significant difference in pH values between Groups I and Ill.
Patients who received ranitidine (Groups II and IV) had significantly lower RGV and higher pH compared with those who ieceived placebo (Groups I and 1II). Patients given 150ml water with ranitidine (Group II) had significantly lower RGV and significantly higher pH compared with the control, fasting group (Group IIl).
The calculated percentage of dye remaining was extremely low in all patients, the maximum value being 0.9 per cent (Table llI) . This suggests that virtually all thc ingested fluid had passed beyond the stomach prior to surgery.
The RGV in patients given 150ml water showed no correlation with the ingestion-surgery interval nor with the duration of fast, patient's weight, history of smoking, heartburn or vomiting Discussion During the past decade investigators have demonstrated that fasting for as long as 17 hours does not always guarantee an empty stomach. 13-18 This is not surprising because emotional stimuli may cause the stomach to produce up to 50 ml per hour of highly acid secretions, in a Residual gastric fluid, pH and, % dye recovery values: Mean -SD (range). Number of patients (n) in pH colurrm represents only those from whom gastric fluid was obtained. *p < 0.05 Group 1 vs Ill. tp < 0.01 Groups Ii and IV vs I and Ill. manner similar Io the cephalic phase of gastric secretion. ~9 Prolonged fasting does not necessarily reduce either the volume or acidity of gastric fluid. Indeed, there is some evidence that this leads to an increase in the acidity of gastric fluid, t7
The histamine H2 receptor blockers cimetidine and ranitidine, administered preoperatively, have been shown to reduce both the volume and acidity of gastric contents at the time of surgery. 16'17"19 Oral ranitidine is superior to oral cimetidine in raising gastric pH and also has a longer duration of action. 16 The gastrokinetic drug, metoclopramide, reduces gastric volume but has much less effect on pH. t7'~8 In all these studies, the patients had fasted overnight and the assumption that preoperative oral fluid increases RGV was not challenged. Evidence that oral fluids may not be dangerous comes from Prior who allowed water until two hours prior to surgery; t2 Miller el at. who allowed their patients tea and toast between two and tour hours preoperatively; Is and Hjortso and Mondoff who gave 50 ml water with oral diazepam premedication. 2~ However, in these studies no marker dye was used to differentiate between the fluid ingested and continuing gastric secretions.
Bromosulphthalein (BSP) is one of several markers used to estimate volume changes in the gastrointestinal tract. In dogs prepared with watertight Heidenhain stomach pouches drained by a Gregory cannulay Bloom et al. retrieved 83 per cent of instilled BSP, a value comparable with other non-radioactive markers.23 By using BSP as a marker dye we have shown that, for practical purposes, all the oral fluid taken more than two hours preoperatively had passed through the stomach prior to induction of anaesthesia. The fluid obtained from the stomach therefore represents gastric secretion rather than the ingested fluid.
Other investigators have used a similar technique for sampling with comparable results) 6-Is However, the volume of gastric fluid obtained through a Salem sump tube may not represent the total volume) 424 Measurement using a dye dilution technique gives higher volumes, and is probably more accurate, t4 In this study the sampling was performed in a double-blind fashion. Any sampling error should therefore be consistent among the four groups, and valid comparisons may be made between group means. The proportion of patients in each group with high risk factors is likely to be underestimated rather than overestimated.
The mean RGV was greatest in those patients who fasted the longest and did not receive ranitidine. Even patients who ingested water without ranitidine had a lower mean RGV compared with those who continued fasting. Those who received oral ranitidine, with or without water, had the lowest mean RGV plus a highly significant rise in pH. This lower RGV with higher pH is clinically significant. The high risk combination of RGV 25 ml or more with pH 2.5 or less zs was almost eliminated by ranitidine, even when patients had a drink of water up to two hours prior to surgery. The risk of gastric regurgitation and pulmonary aspiration is not necessarily dimin- Denominators in pH co, lath represent patients in whom gastric aspiralr was obtained. p < 0.05 Group I vs II1 p < 0.01 Groups n and IV vs I and II1.
ished, although, were this to occur, subsequent pulmonary damage would be minimised. These results from males and nonpregnant females are very similar to those obtained from females in the first trimester of pregnancy. ~2 It is often assumed that pregnant patients are at higher risk than others for gastric regurgitation and pulmonary aspiration ~6 because, in the third trimester, gastrointestinal transit is slowed. 27 Also, lower oesophageal sphincter tone is decreased in the third trimester 2s whereas in the first trimester there is only subclinical reduction in sphincter responsiveness to gastrin and acetylcholine. 29 The gallbladder also shows progressive impairment of emptying dunng pregnancy, 3~ especially after the first trimester. Comparison of mean RGV, and dye retrieval (as a measure of gastric emptying), in this and a previous study of ours at showed no statistically significant differences between pregnant and nonpregnant patients, This suggests that, if any delay in gastric emptying occurs in the first trimester, it is minimal and not of clinical importance.
Our findings show that, in elective surgical patients who do not receive narcotic premedication, prolonged fluid fasting is not justified. A drink of water with oral ranitidine between two and three hours preoperatively produces a lower RGV and higher pH in a greater percentage of patients than does a prolonged overnight fast. Further investigation is required to determine whether other liquids such as coffee or juice are as safe as water. 
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